An enzyme is present in extracts of rabbit alveolar macrophage which can catalyze the reaction of creatine phosphate with adenosine diphosphate to form adenosine triphosphate and creatine. The enzyme is moderately activated by reduced glutathione, has a pH optimum between pH 6.5 and 7.0, and shows an absolute requirement for Mg2+. The Km for creatine phosphate is approximately 3.6 mm while the Km for adenosine diphosphate is about 1.1 mm. The enzyme may play a role in the energy balance of the cell by creating a reserve of energy in the form of creatine phosphate.
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Although it is generally accepted that glycolysis supplies the energy requirement for phagocytosis in the polymorphonuclear leukocyte (7), the situation is far less clear in the alveolar macrophage. Although inhibitors of oxidative metabolism have generally been reported to suppress particle uptake in these cells (1, 14) , the inhibition is never complete and a significant degree of phagocytosis can occur even under anaerobic conditions. Indeed, one group has reported that phagocytosis by rabbit alveolar macrophages was totally unaffected by inhibitors of either glycolysis or respiration (13) . Clearly, a significant amount of phagocytosis in alveolar macrophages from certain species is independent of either respiration or glycolysis.
It is possible that a certain amount of energy might be stored within the cell and be available for use in times of stress. One such storage form in muscle lies in the molecule creatine phosphate. When energy is needed, the creatine phosphate can react with adenosine diphosphate (ADP) in the presence of creatine phosphokinase (adenosine triphosphate [ATP J: creatine phosphotransferase, E.C.2.7.3.2.) to form ATP.
The present communication describes the identification and some properties of a creatine phosphokinase in homogenates of rabbit alveolar macrophages. To the best of our knowledge, this enzyme has not been previously described in any type of phagocytic cell. The animals included both normal controls and rabbits which had previously been sensitized by the intravenous injection into the marginal ear of a sonic extract of heat-killed BCG in Bayol F (100 ,g in 0.10 ml). The animals were routinely sensitized to BCG 3.5 weeks before sacrifice. Following sacrifice, the lungs were lavaged with 80 ml of isotonic saline and washed twice with the same medium. Contaminating red blood cells were removed by lysis for 20 sec in deionized water; isotonicity was then restored by the addition of an appropriate volume of 3.5% saline. Following centrifugation, the cell pellet was suspended in 0.25 M sucrose in a ratio of 1 ml of packed cells-8 ml of 0.25 M sucrose. Cells were ruptured by homogenization in a tight-fitting Dounce homogenizer, followed by five cycles of freeze-thawing. For most experiments, the ruptured cell suspension was centrifuged for 15 min at 27,000 x g and the clear supernatant was stored frozen. Immediately before use, it was diluted (usually 1:10) with Hanks balanced salt solution (HBSS).
MATERIALS AND METHODS
Rabbit peritoneal neutrophils were obtained 12 to 14 hr after the intraperitoneal injection of 50 ml of sterile 12% sodium caseinate. Human polymorphonuclear leukocytes (PMNL) were isolated from the peripheral blood of healthy volunteer donors by previously described methods (3). These cells were washed and disrupted in the same manner as the alveolar macrophages.
Composition 10 .0 ml of the stock alkali solution (this reagent must be prepared fresh); 0.05 ml of diacetyl dissolved in 200 ml of deionized water. All biochemicals were obtained from the Sigma Chemical Co., St. Louis, Mo. All other chemicals were reagent grade quality.
Assay for creatine phosphokinase: colorimetric procedure. The standard assay procedure, a modification of the method of Hughes (6), relies on the formation of creatine from creatine phosphate in the presence of ADP. The amount of creatine liberated in the course of the reaction is quantitated by the diacetyl reaction described by Ennor and Stocken (4). A typical incubation mixture contained the following: 0.50 ml of creatine phosphate solution (3 gmoles), 0.20 ml of glutathione solution (10 Mtmoles), and 0.10 ml of diluted cell extract (containing ca. 0.50 mg of protein). The mixture was preincubated for 5 min at 37 C, and the reaction was then initiated by the addition of 0.20 ml of ADP solution (0.8 ztmoles). Controls were routinely run in which either the ADP or the enzyme was omitted. The reaction was terminated after 30 min by the addition of 0.20 ml of p-HMB. Blanks were run with each experiment in which p-HMB was added before the enzyme.
Color development was achieved by the addition of 1.0 ml of a-naphthol solution and 1.0 ml of diacetyl solution. After addition of these reagents, all tubes were incubated for 30 min at 37 C to insure maximum color development. A 6.8-ml amount of water was added to each tube, and the tubes were centrifuged briefly to remove precipitated protein. The absorbance at 520 nm was immediately determined and related to the creatine concentrations by reference to a standard curve. The standard curve relating absorbance to concentration demonstrated linearity up to 0.70 absorbance units.
The protein content of cell extracts was determined by the method of Lowry et al. (8) with bovine serum albumin as a standard.
Assay for creatine phosphokinase: spectrophotometric procedure. The colorimetric procedure tests only for the presence of creatine. To demonstrate conclusively the presence of creatine phosphokinase, one experiment was designed to determine the formation of ATP, the other product of the enzymatic reaction. This was accomplished by coupling the reaction according to the following sequence: (i) creatine phosphate plus ADP iCLK creatine plus ATP; (ii) ATP plus glucose hexokinase > glucose-6-phosphate (G-6-P) plus ADP; (iii) G-6-P plus nicotinamide adenine dinucleotide phosphate (NADP) G-6-P dehydrogenase 6-PGAplus reduced NADP (NADPH).
In the presence of an excess of glucose, NADP, hexokinase, and G-6-P dehydrogenase, the rate of NADPH formation is a function of the creatine phosphokinase activity. The reagents for this determination may be obtained from the Sigma Chemical Co., St. Louis, Mo., packaged in a single vial (creatine phosphokinase, single assay vial).
The contents of three such vials were dissolved in distilled water and pipetted into cuvettes. Various amounts of cell extract were added to the cuvettes, and the formation of NADPH was observed by following the increase in absorbance at 340 nm as a function of time on a Gilford recording spectrophotometer. Table 1 illustrates the determination of creatine phosphokinase activity in various cell types. Although there is substantial activity in casein-induced rabbit peritoneal PMNL, the small amount of activity observed in human peripheral PMNL could easily be ascribed to contamination by other cell types. The normal alveolar macrophage has significant activity, and this activity increases fivefold upon vaccination with BCG. For this reason, subsequent experiments employed the BCG-induced alveolar macrophage.
RESULTS
The effect of centrifugation and dialysis of the preparation is shown in Table 2 . Centrifugation of the whole homogenate at 27,000 x g results in a significant increase in specific activity due to the sedimentation of a large amount of membranous protein material. Dialysis of this supematant resulted in only a minor loss in specific activity. Accordingly, enzyme characterization was performed using the centrifuged, dialyzed material to achieve a maximum activity with a minimum of interfering substances. Figure 1 illustrates the effect of glutathione concentration on the enzymatic reaction. Although there is considerable activity in the absence of added GSH, the activity does increase in the presence of this compound. For this reason, reduced glutathione was routinely added to the incubation mixture.
The effect of magnesium concentration is observed in Fig. 2 . Very low activity is seen in the dialyzed preparation, indicating that Mg2+ is required for activity. Subsequent experiments employed an optimal concentration of magnesium (3.75 mM). Figure 3 demonstrates that the reaction is linear with respect to protein concentration up to at least 0.12 mg of protein/tube. Similar experiments (data not shown) indicated linearity with respect to time of incubation for at least 1 hr. In the absence of added glutathione, sensitivity was reduced, but the reaction was still linear with respect to time for at least 1 hr.
To demonstrate the production of ATP, the reaction was measured by coupling the ATP produced to the hexokinase and G-6-P dehydrogenase reactions as described above. Since it has been reported that creatine phosphokinase from some sources is inhibited by certain anions (11), we studied the effects of varying phosphate and chloride concentrations on the enzyme from alveolar macrophages. 4 demonstrates that the reduction of NADP is linear with respect to incubation time under these conditions. Furthermore, increasing the protein concentration causes a commensurate increase in the rate of the reaction. Figure 5 illustrates the pH optimum of the reaction. Little change in activity occurs over the pH range of 6.0 to 7.0; the activity decreases substantially at higher pH values. At a given pH value, Tris-maleate is a significantly better buffer than Tris-hydrochloride. Hence, the ex, eriments reported here were run at a pH which was somewhat removed from the optimal value and in a buffer system which gave less than maximal activity. However, for the sake of consistency, further experiments also utilized a Tris-hydrochloride buffer at pH 
DISCUSSION
Creatine phosphokinase is an enzyme which catalyzes the reversible reaction between ADP and creatine phosphate: ADP plus Cr-P C.P.K.. ATP plus creatine.
The existence 'of creatine phosphokinase within the alveolar macrophage has been demonstrated by following the formation of both ATP and creatine. The enzyme is present in extracts of both normal and BCG-induced rabbit alveolar macrophages as well as in caseininduced rabbit peritoneal PMNL. It is apparently not present in human peripheral PMNL. The specific activity of the enzyme from alveolar macrophages is increased four-to fivefold with BCG vaccination. The significance of this increase is unknown, although a number of lysosomal enzymes have been reported to increase in activity following injection of BCG (5) .
The characteristics of the enzyme from BCGinduced alveolar macrophages are rather simi- lar to those of the enzyme from other sources (10) . The reaction is linear with respect to both protein concentration and incubation time. It has an absolute requirement for Mg2+ ions and a pH optimum between 6.0 and 7.0. Like the enzyme from other sources (11) , it is inhibited by high concentrations of phosphate and, to a lesser extent, of chloride.
The function of the enzyme in the macrophage is a matter of speculation, but it may play a role in the energy balance of the cell.
Although it is frequently stated that the alveolar macrophage is dependent upon oxidative metabolism for phagocytosis (1, 14) , such a treatment may be misleading. The extreme case has been presented by Ouchi et al. (13) who reported that cyanide, dinitrophenol, iodoacetate, or fluoride had no effect on the phagocytic activity of normal rabbit aveloar macrophages, although the activity was depressed by anaerobiosis. On the other hand, Oren et al. (12) reported that all these conditions inhibited phagocytosis by guinea pig alveolar macrophages. Their data demonstrate, however, that a significant degree of phagocytosis does occur, even under anaerobic conditions. Although it is true that phagocytosis was much greater in the absence of inhibitor, the presence of inhibitors of oxidative metabolism did not entirely prevent the uptake. This effect has also been demonstrated by Cohen and Cline (2) using normal human macrophages. If the cells were kept under anaerobic conditions for 1 hr, subsequent phagocytosis was inhibited by 40%. Looking at this phenomenon from the other direction, one is struck by the fact that 60% of normal phagocytosis can occur under obviously anaerobic conditions. There are a number of possible explanations to account for the appreciable degree of ingestion which occurs when respiration is blocked. First, glycolysis could provide a significant amount of the energy required. This could be tested by determining the degree of uptake in the presence of inhibitors of both respiration and glycolysis. Second, the endogenous supply of ATP might be sufficient to allow a certain amount of uptake after all sources of ATP have been shut down. Third, there might exist within the cell a reservoir of energy which could be tapped in the event of low energy production. The existence of the enzyme creatine phosphokinase within the alveolar macrophages makes the third hypothesis an attractive possibility.
